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Overview 

 
From the beginnings of aviation and aeronautical world in general, it has 
searched the goal of creating a machine capable of taking off in a controlled 
way trying to achieve the highest operational aircraft. Always looking for the 
highest levels of speed, weight reduction, maneuverability, etc. 
 
In the initial stages of the history of aviation, to achieve these objectives, the 
mankind was witness of the creation of a large number of machines that 
approached these concepts from completely different paths. Finally, with the 
passage of the years, reached a basic design and configuration of it had to be 
a plane. 
 
In the following step and until these days, the aviation industry has focused on 
improving the existing design making it lighter, more maneuverable, with lower 
fuel consumption, safer and a long list of other improvements. However, 
always have been projects that have attempted to move away from this basic 
configuration making improvements, but in most cases they have not reached 
the success. 
 
In the next pages, you will find the analysis and possible implementations of 
one of these projects.  
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Resum 

 
Des de els inicis de lôaviaci· i el mon aeron¨utic en general, sôha perseguit 
lôobjectiu de crear una m¨quina capa dôenlairar-se dôuna manera controlada 
intentant aconseguir la m¨xima operativitat de lôaeronau. Sempre buscant les 
cotes màximes de velocitat, de reducció de pes, maniobrabilitat, etc. 
 
En els compassos inicials de lôhistoria de lôaviaci·, per aconseguir aquests 
objectius, dôhumanitat va ser testimoni de la creaci· dôun gran nombre de 
màquines que abordaven aquests conceptes des de camins completament 
diferents. Finalment amb el pas dels anys, es va assolir un disseny i 
configuració bàsica de lo que havia de ser un avió. 
 
En la següent etapa i fins els nostres dies, lôindustria de lôaviaci· sôha centrat 
en millorar aquest disseny ja existent fent-lo sempre més lleuger, més 
maniobrable, amb consums més reduïts, molt més segur i una llarga llista de 
millores. Tot i així, sempre hi ha hagut projectes que han intentat apartar-se 
dôaquesta configuraci· b¨sica aconseguint millores, però en la gran majoria de 
casos no sôha arribat a bon port. 
 
Durant les seg¿ents p¨gines, es trobaran amb lôan¨lisi i les possibles 
implementacions dôun dôaquests projectes. 
 
Paraules clau:  
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CHAPTER 1. THE CONCEPT 
 
When an airplane during a flight wish to make a turn, it may do by acting on the 
vertical stabilizer, but it only has the ability to make small trajectory corrections, 
or causing a roll movement. To produce this movement of roll is required 
generate a moment of force in the longitudinal axis of the aircraft using the 
ailerons, located at the tips of the plans. Thus, due to the inclination of the 
wings, the horizontal component of the lift allows us to make the desired turn. 
 

 

Figure 1 ï Turn maneuver 

 
The principle that allows us to generate this moment of force using the ailerons 
is that we are changing the airfoil of our plane, like any other control surface. In 
the particular case of the ailerons, we are doing symmetrically but opposite in 
each wing, increasing the lift coefficient of the airfoil on one side and decreasing 
it on the other side. 
 
The objective of this analysis will be the design and implementation of a device 
capable of perform the current role of the ailerons, within a reasonable margin, 
obtaining improvements in other things. That is, we will be willing to modify or 
even decreasing a little the capability of the ailerons to perform its function in 
the way it is compensated by obtaining another improvements. 
 
In order to face the concept of this new device, we will have to reproduce the 
effect generated by the ailerons without using any aileron. A simple way to see 
this effect, is observing the pressure distribution on the airfoil (Fig. 2). 
 

 

Figure 2 ï Effect of the aileron on the distribution of pressure 
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In the case of our device, to obtain the longitudinal moment of force to produce 
the turn, as the name of the device suggests, it will be realized using a duct that 
connects the lower surface with the upper part to transfer flow from the bottom 
to the top. Clearly, this duct must be designed in the way to have aperture 
control of the inlet and outlet or geometry control, depending on the final 
implementation. 
 
Using this system is expected to reduce the static pressure of the intrados and 
increase it in the extrados reducing the lift that the wing is generating at that 
moment. 
 

 

Figure 3 ï Estimated effect of the flux transfer device 

 
One of the major differences compared with the ailerons system is that these 
ailerons, when modify the lift coefficient, are able to either increase it or reduce 
it. Instead, using the transfer flow device, this is only able to reduce the 
coefficient of lift, so when making the turn the device only acts on one plane. 
This peculiarity we will produce a new flight mechanics slightly different from the 
present day mechanics in turns. 
 
To perform the analysis and implementation, it has decided to realize the study 
on an existing airplane because in this way we have the opportunity to focus 
specifically on the device itself. 
 
Among the benefits that can be expected, we have the reduction of the total 
weight of the aircraft, a possible increased reliability and therefore the safety 
and because the device has a reasonable similarity with the slats that would 
allow a higher stall angle of attack. 
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CHAPTER 2. BASE AIRCRAFT SELECTION 
 
At this point so important that will influence the rest of the work from now until 
the end, we are faced with a dilemma. 
 
The main estimated advantage of our device is a reduction of weight compared 
to the regular aileron devices, but this is only true in commercial aircraft and 
other large scale airplanes because they require a hydraulic system and its 
corresponding circuit until the tips of the wings, where the ailerons can be 
found, which represents a very important weight. Thus, removing the tube 
circuit and reducing the installed hydraulic power, would produce the weight 
reduction. 
 
However, the choice of such aircraft, when realize the study, may present some 
problems because they tend to have an allowed cruising or maneuver speed 
that can generate zones where the flow velocity is so high that we should not 
ignore the influence of compressibility effects. This fact could greatly complicate 
the analysis to be performed. In addition, the geometry of the top view wing, the 
changing airfoil across the plane and wing twisting are techniques often used in 
this type of aircraft, which also do not helps to simplify the approach of the 
study. Another disadvantage is the difficulty of having the aircraft documents in 
a legal way. 
 
In the case of leisure aircraft, sporting or simply reduced dimensions, the 
actuation of the ailerons is not realized using hydraulic systems, it is made from 
a direct connection of the ailerons (and the other control surfaces) and the 
control stick with cables and pulleys. With this control system, reducing the 
weight of the aircraft replacing the aileron with the flow transfer device ceases 
to exist or is not there clearly. 
 
However, for the study to determine the feasibility, in the aerodynamical 
approach, the device weight does not affect. This allows us to use these small 
aircraft to avoid the problems caused by the compressibility of the fluid and 
complex geometry of the wing. So I was looking for a smooth flight aircraft, 
small, and with simple wing geometry. 
 
Initially, looking among all models on the market that seem to meet the desired 
requirements, we chose the model Cessna 162 SkyCatcher. This model is ideal 
for our requirements to fulfill them all perfectly. It is a model designed for 
training pilots in learning, having some of the simplest configurations, a top view 
of the plane totally rectangular and one of the lowest maneuver and cruise 
speed of the market. In some parameters it is close to the ultralights and also is 
newly built (December 2009). 
 
Finally, for regulatory issues, in one hand in the United States to be a new 
category of aircraft (ASTM LSA) and in the other hand in Europe for problems 
during the certification process, we can not get the necessary documentation to 
extract the required information. Due to this situation, this model has been put 
aside and began to search for another model that meets the requirements. 
However, the model is referred because in the future, if the necessary 
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information can be obtained, if anyone wants to adapt the study to fit in this 
model. 
 
Due to these problems we had to change the base airplane, this time selecting 
as a base model the 172S Skyhawk SP, by Cessna too. In this case we are in 
front of an aircraft with similar characteristics of the 162 but it is a much older 
model (1956). However, has been keeping updated over the years by applying 
it a lot of renovations. The model chosen is the last renewal available and date 
from 1998. Being a model with so many years in his back we have not 
encountered with the 162 troubles and we find access to all the necessary 
documentation. 
 
However, the 172S has the inconvenient of higher operating speeds and a 
rectangular wing from the fuselage to the start of the ailerons and trapezoidal 
wing shape from the start of ailerons to the tips of the wings. 
 
The main drawback in comparison with the 162 is the top view wing, while the 
chord decrease when move closer to the tip of the wing, the length 
corresponding to the aileron is invariable. This means that unless the aileron is 
in neutral position, the airfoil is not constant and varies slightly. 
 
Here are three views of the aircraft and a detailed map of the wing body to 
become familiar with the design environment: 
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Figure 4 ï Cessna 172S SkyHawk SP front, top and end view 
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Figure 5 ï Wing dimensions and configuration 

 
The ribs are relative located from the start of the plane at a distance in meters 
of 0, 0.39, 0.851, 1.213, 1.581, 1.953, 2.397, 2.854, 3.312, 3.769, 4.226, 4.683. 
For more details see the attached documents "Service Part" and "Specification 
& description". 
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CHAPTER 3. CFD SOFTWARE 
 
When you want to analyze the effects of a solid body interfering with a free flow 
of fluid comes quickly to our minds the image of a wind tunnel and a scale 
model of that body, where researchers with smoke pipettes observe the flow 
around it. Undoubtedly, the method of analysis with wind tunnel is the most 
reliable in controlled conditions, but it is a method excessively expensive and 
difficult to obtain the access. This is due to the fact that working with the 
technique of trial and error represents a new model every time you want to 
correct a deficiency. In addition, having access to a wind tunnel is not a simple 
matter if you do not have a relationship with an institution that owns it. Luckily 
EETAC-UPC has a reduced scale wind tunnel it will be used in the final test. 
 
Here is where the CFD (Computational Fluid Dynamics) software appears. 
Since the big jump has done in consumer electronics and everyone is able to 
get some powerful personal computers for affordable prices, it is possible 
running CFD software on them. This will allow us, for a much lower cost, to 
perform a multitude of virtual experiments. But this is not the only benefit, we 
also allow seeing a totally improved visualization of the results in comparison 
with the wind tunnels. 
 
In our case, we chose to use Fluent, the Ansys CFD software. Since Fluent and 
any CFD software requires a mesh either 2D or 3D as input, it was decided to 
use the entire ecosystem that Ansys offers on its Workbench 14. While 
rendering and meshing can be done with other software considered more 
effective, the decision was made to minimize compatibility problems. The 
DesignModeler has used to design and build the body to study, the Meshing for 
meshing the geometry and finally the Fluent. Despite having the CFDPost as 
results viewer, it was decided to use Fluent to visualize. 
 
In addition to the Ansys Workbench 14, also had to use other software such as 
Excel for data tables treatment and Solid Edge 18 sometimes to design the 
geometry. If you want see some files in annexes is required to have installed 
these softwares in your computer. 
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CHAPTER 4. CONFIGURATION 
 

4.1 Meshing 
 
One of the most important points for a successful conclusion in a Fluent 
simulation is the mesh that is given as input. Obviously it is a point that has all 
the logic that one would expect since the mesh is where Fluent simulation will 
work. And this is not limited to the successful completion of the simulation, it 
also influences the computation time required to reach the condition of 
convergence. For example one of the parameters influenced by the quality of 
the mesh is the resistance coefficient that can vary between different orders of 
magnitude depending on how well it is in the zone of the boundary layer. 
Therefore it requires a high resolution mesh in the areas near the walls of the 
bodies and with the objective to reduce computation time, a less sophisticated 
meshing in remote areas. 
 

  

Figure 6 ï NACA 2412 airfoil mesh. 3000x zoom at trailing edge 

 
The most appropriate type of mesh, and the one has been using, to simulate 
flow around an airfoil is the c-mesh type, which in its simplest form consists of a 
semicircle in the area where flow comes with center point at the trailing edge 
acting as the inlet and a rectangle in the area of flow exit acting as the outlet. 
 
An important point that must be taken into consideration in the design of the 
basic geometry of the mesh is its recycling possibility. This means that you can 
reuse the constructed mesh by adding slight modifications in the simulation, 
such as the angle of attack. 
 
As a general rule and according to the experience acquired, there are two kinds 
of c-mesh that are usually used in the simulations. On one hand we have the 
simple C-mesh which is described some lines before and that would be a 
generic mesh for any simulation but with relatively poor results. On the other 
hand there is the specific c-mesh that is based from the simple c-mesh but has 
a more elaborated geometry for a specific simulation. 
 
Neither of these two presents a good recycling property. For this reason it has 
used a hybrid c-mesh, which it represents an elaborated geometry as the 
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specific c-mesh but allows obtaining good results in several simulations. In our 
case between the different investigated angles of attack. 
 

 

Figure 7 ï Simple c-mesh (top left). Specific c-mesh (bottom left). Hybrid c-mesh (right) 

 
Specifically, the hybrid c-meshes generated for the simulations are designed to 
allow angles of attack between -6 and 14 degrees. 
 

 
 
 

4.2 Fluent 
 
In this section are detailed the explanations why some parameters or specific 
models has been using instead of others. If someone wants to see the complete 
configuration of the simulations you have only to run the one you want from 
those it found in the annexes. 
 

Warning: If you run a mesh check on the fluent with some of the meshes, it is 
possible that you see a warning message about the quality of the mesh 
concerning to the geometric ratio between the different faces of some cells. 
This is because you need a high resolution in the normal direction of the wing 
surface while it is not required so high resolution in the own direction of the 
airfoil curve. So although the Fluent recommend us the automatic 
refurbishment of the mesh is desirable to decline that proposal. 
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Figure 8 ï Solver configuration 

 
In the Solver parameters box is selected the type Pressure-Based, as it is more 
indicated for low speed where we have incompressible flow or at least with very 
low compressibility factor. For the option of velocity formulation, it has selected 
absolute because it is the most appropriate when the fluid moves with almost 
the same speed and direction. No need for further explanation about 2D Space 
and Time options. 
 
Opening the Models section, the Energy Equation option is enabled due to that 
our flow (air) model has selected as ideal gas. 
 

 

Figure 9 ï Viscosity models available 

 
Continuing in the section of the Models, it has selected the Transition SST 
(shear-stress transport) (4 eqn) option for the viscosity. This model is based 
from the k-omega (2 eqn), an empirical model that is quite accurate but 
presents problems in the boundary layer and is not recommended to be used at 
low Reynolds numbers, but with the addition of two more equations. One of 
them is for determine the intermittency of turbulence and the other one for the 
transition criteria of the boundary layer so it presents very good properties 
determining the boundary layer and its transition. It is a model that has a good 
balance between precision and computational power requirements. 
 
The other models are not applicable to the conditions of our simulations. 
 
The Boundary Conditions section is where we specify the initial conditions of 
our simulation that in these cases are limited to the inlet and outlet. In the case 
of the inlet, it has chosen as the input type the Pressure-Far-Field. This type is 
the most appropriate for our needs as it tries to reduce the geometrical 
influence of the inlet, which is inevitable, and pretend that you are outdoors. 



CHAPTER 4. CONFIGURATION  28 

 

 
In the case of initial parameters about turbulence the specification method from 
the intermittency, the intensity and viscosity ratio is selected. 
 

 

Figure 10 ï Dialogue of turbulence parameters in the inlet 

 
As can be observed, the selected parameters that can be seen in the picture do 
not correspond to we should normally have the air in rest state. 
 

Table 1 ï Typical values of turbulence in an air mass at rest 

Intermittency: 1 Turbulent intensity: 0.1~0.05 Turbulent viscosity ratio: 0.1~0.2 

 
Why is this? So we have to be doing in this way because it has observed that 
the intensity of turbulence decreases in very pronounced way depending on the 
turbulent viscosity ratio. So it is recommended to minimize this problem 
increasing slightly the intensity of turbulence and increasing continuosly the 
turbulent viscosity ratio until reach the desired turbulence intensity values in the 
proximity of the airfoil leading edge. We must be careful in order to do not add 
an exaggerated turbulent viscosity ratio, because we could have a significant 
deviation in the friction component on Cd. 
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Figure 11 ï Turbulent viscosity in the proximity of leading edge 

 
As you can see in Figure above, the value of the turbulence intensity is within 
acceptable margins, reaching our goal. 
 
Finally, in Boundary Conditions section, it only left to specify the outlet 
conditions for which it has assigned the Pressure Outlet type. The only 
parameters that we need to assign in the dialog box are the Backflow (flow 
return) values. The Backflows are reentry flows in the outlet and generally 
occurs when turbulence or swirls are generated in the proximity of the outlet. 
For this reason we should not have this problem. However, the orientative 
values of the fluid in the reentry must be assigned due to this situation could 
occur. In a simulation like the one we will perform, where do not apply any direct 
modifications to the fluid characteristics, Backflow values are the same as we 
have in the inlet. 
 
The Solution Methods window allows us to choose different parameters about 
how to calculate the solution. In the Pressure-Velocity Coupling section it has 
selected on Coupled. The algorithm used to perform the pressure-velocity 
relationship in a non-segregated way that presents some advantages such as 
obtaining a robust and efficient result in steady state flow conditions. 
Furthermore, it is able to reach this result with superior performance than the 
segregated algorithms. 
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Figure 12 ï Solution methods options 

 
In the Gradient drop down menu it has selected the Least Squares Cell Based 
method which assumes that the gradient between the centroids of two adjacent 
cells varies linearly. This simplifies in a huge way the calculation because it is 
not the most precise method, but if the cells are regular enough it almost does 
not decrease the accuracy of the solution. Moreover, it is much cheaper in 
terms of computing. 
 
For the other Spatial Discretization variables it has selected the Second Order 
upwind option which increase the accuracy of the calculation for the 
corresponding field because it assign to the cell faces the computed value 
obtained through an expression that relates the cell center value with the 
gradient of this center value. The difference is that the First Order upwind 
simply assigns the center value to it faces so the additional computational 
requirements are useful. 
 
The next step when we configure properly a simulation with Fluent is the 
Solution Controls section. At this stage of the setup we can change some 
parameters that have a direct relationship with the convergence behavior of the 
solution. 
 
For this reason it is one of the most important sections of the configuration 
process because depending on the value of these numbers we can reduce or 
increase the convergence time. Even the extreme case of if it will be able or not 
to reach the convergence. 
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Figure 13 ï Solution controls box 

 
In order to get the correct convergence conditions, each model allow access to 
different values. In our case, with the chosen configuration, we have the Flow 
Courant Number, the Explicit Relaxation Factors and the Under-Relaxation 
Factors. 
 
At first instance we find the Flow Number Courant (CFL) that is a number that 
relates the time step, the speed and the size of the mesh cells as a condition to 
achieve convergence and stability in a discret environment and calculation 
method. 
 

 

Figure 14 ï One dimensión CFL formulation 

 

Where  corresponds to the speed,  to the time step and  to the 
characteristic length of the cell. 
 
Since our mesh is static and does not show significant speed changes, the 
Courant Number to us has a direct and almost linear relationship with the time 
step. 
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As lower is the Courant Number, lower will be the time step and therefore we 
will be in a better convergence situation but our computing time will increase. 
So we need to find the solution with the greatest CFL possible. It is 
recommended that you increase the CFL at the same time that the solution will 
be converging. 
 
Then we have a set of values called Relaxation Factors that are directly linked 
with the stability of the solution during the calculation. These values do their job 
between iterations and have a cushioning effect. This effect can be expressed 
in a simple formulation as follows: 
 

 

Figure 15 ï Relaxation Factors equation 

 

Where  refers to the particular value in calculation and  is the Relaxation 

Factor. The  value can change between 0-1 and avoid us to meet big 
fluctuations or occasional pikes. The criteria for the ideal value input it is 
obtained observing the residuals shown during the calculation process iterations 
and quantified by trial and error method. 
 
In the use of the Relaxation Factors one must be careful, as they may extend 
the convergence time significantly. 
 
While the calculation process is running and it is iterating, are shown a number 
of variables on the screen that are configured on the Monitors section. The 
basic monitoring is limited with the different residuals values which its use has 
detailed before. In addition, there is another function when we want to control 
the convergence that it is called Convergence Criterion. This feature allows us 
to stop the calculation process when in an iteration has reached the residual 
values previously defined by the user and its use is quite common. 
 
In our case, this criterion has not been followed, instead of this it has enabled 
the monitoring of the Lift and Drag coefficient and based the convergence 
criterion in these values. Using this we can know if the convergence of the 
result corresponds with the common sense. 
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Figure 16 ï Residuals dialogue box 

 
Finally, we should talk about the Full Multigrid Initialization. 
 

 

Figure 17 ï Activation Order of Full Multigrid Initialization 

 
This console command allows us to obtain a more accurate initialization with 
relatively low computing power, for that reason it is always recommended the 
activation, so it has been used in all the simulations. 
 
 

4.3 DETERMINING FACTORS 
 
In this section will determine under what conditions the different series of 
simulations will be develop to obtain a data that can be considered valid and 
representative of the selected aircraft normal operation, the Cessna 172S 
Skyhawk. 
 
As the modification we want perform to the aircraft is centered on a device 
intended to the maneuvers, at the moment of choosing the speed we must 
search for one appropriate for the maneuvers. 
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Figure 18 ï Cessna 172S anemometric speed limits (Type Certificate Data Sheet) 

 
As you can see, we have a maximum maneuvering speed of 102 Knots CAS 
(Calibrated Air Speed is closer to reality), equivalent to a speed of 189 km/h. 
Since it is not representative using the maximum speed, we will take a smaller 
reference. 
 
This speed is 162 km/h which is equivalent to 45 m/s. 
 
It must be taken into account that the airplane can perform maneuvers if they 
are not too extremes in cruise conditions so we have that the speed of 45 m/s is 
not so far of the 60 m/s cruise speed. 
 
In relation to the atmosphere where it will perform simulation it has decided to 
locate it at sea level. This decision is due to the characteristics of the aircraft 
because is designed for recreational aviation. This means that the main 
operational criterion is not the cost-effectiveness, instead of that is the leisure 
and in those cases the aircraft usually fly at low altitudes unless it is in 
mountainous zone. 
 
So we are talking about an atmospheric conditions of density 1,225 kg/m3, 
pressure 101325 Pa, temperature 15 °C = 288 K and viscosity of 1.7894*10 -5 
kg/ms. 
 
Now that the basic atmospheric conditions has been determined we can 
determine the speed of sound and the speed of the simulation can be 
expressed as Mach number, since Fluent requires in this form due to our 
settings. 
 

 

Figure 19 ï Sound speed and Mach number for the simulations 

 
About the parameters of turbulence, as commented in previous sections we will 
work with an intensity of turbulence between 0.05% and 0.1% in air at rest. 
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Table 2 ï Initial conditions variables 
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CHAPTER 5. DATA COLLECTION OF THE AIRFOIL 
 
 

5.1 Simulations 
 
Now that we have defined the desired simulation conditions that we want is the 
time to start the first simulations. The first serie of simulations that we will 
perform will be the airfoil without the influence of any control surface or other 
device, only the NACA 2412 airfoil. 
 
While for analyze an airfoil to find the coefficients do not matter the chord and 
usually is done with a 1 meter chord, as we are making the study on an existing 
aircraft and Fluent allow to correct automatically the distorting effect of the 
chord in the results, it has specified to use the mean chord of the wing zone 
where the ailerons can be found, this is 1.37 meters. 
 
The serie of simulations that will perform, we are going to do with the conditions 
specified in the previous section and modifying the airfoil angle of attack 
between -6° to 14° at intervals of 2°. The choice of these limit angles of attack is 
because they are angles of attack that can eventually be used but are not usual. 
 
The objective of this initial simulation is double. On the one hand we have a 
NACA 2412 airfoil with its tables of coefficients obtained from wind tunnel. This 
means that we can validate if our simulation configuration in Fluent is correct. 
On the other hand we will study the pressure distribution around the airfoil to 
begin guessing flow transfer duct geometry. 
 
Temporarily we will use a 10 cm thick duct. 
 
It must taken into account when we start to guess the duct that you can not 
change the basic structure of the aircraft. This means that the duct will not 
interfere with the ribs or spars. 
 
They are respectively 20 and 90 cm from the leading edge. 
 

 

Figure 20 ï Spars position in the plane 

 
The criteria used to estimate the approximate position of the duct orifices 
through the intrados and extrados is the observation of the pressure coefficients 
in different graphs for each angle of attack. It searches the connection of the 
higher pressure point to the lower point, respecting the direction of the fluid and 
using the common sense. 
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As you can guess observing the Figure below, do not need a simulation to know 
that it is not a good idea. Evidently, each angle will have a different favorite 
position so at the end we will reach a compromise between the different 
options. 
 

 

Figure 21 ï Wrong duct example 

 
 

 

Figure 22 ï NACA 2412 aerodynamics coefficients 

 
 
 




















































































